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ABSTRACT 

This work demonstrates a new method for making oli-
gonucleotide microarrays by synthesis in situ.  The method 
uses conventional DNA synthesis chemistry with an elec-
trochemical deblocking step.  Acid is delivered to specific 
regions on a glass slide, thus allowing nucleotide addition 
only at chosen sites.  Deblocking is complete in a few sec-
onds, when competing side-product reactions are minimal. 

Features generated in this study are 40 microns wide, 
with sharply defined edges.  The acid used for synthesis is 
produced by electrochemical oxidation of a reversible re-
dox couple at microelectrodes.  Under suitable conditions, 
the active species is confined to micron-sized features and 
diffusion does not obscure the surface pattern produced.  
Experimental results, theoretical analysis, and digital 
simulation identify a chemical annihilation process critical 
to ensuring high feature resolution. 

The microelectrodes used for synthesis are designed to 
sustain high currents, chemical attack, and mechanical 
wear so that many hundreds of syntheses can be performed 
with the same microelectrode set.  Software, custom elec-
tronics, and a sealed piston and cylinder fluidics chamber 
allow synthesis automation.  The electrochemical and me-
chanical system is robust and may be adapted to a range of 
other biomolecule syntheses. 

Keywords: oligonucleotide, microarray, DNA, electro-
chemical, fabrication 

1 INTRODUCTION 

Literature accepted for publication  at the time this 
manuscript was submitted describes results of a new 
method for in situ microarray fabrication and will be pre-
sented in the NSTI conference.  This manuscript summa-
rises the results and discusses the method in the context of 
existing microarray fabrication techniques.  The method 
uses microelectrodes to generate acid, which then directs 
the selective attachment of nucleotide bases to a chip sur-
face. 

In summary, a hydroquinone and benzoquinone elec-
trolyte controls diffusion through a reversible redox anni-
hilation process such that acid is limited to a defined and 
sharp region (see Figure 1).  Probe feature sizes are about 
2-3 µm.   In addition to the synthetic and array chemistry 
system, fabrication of the microelectrodes (specific for 
high current synthetic applications), design of a fluidics 

and positioning system, and accompanying electronics and 
software will be presented at the conference. 

2 RESULTS 

The electrochemical system enabled highly-parallel 
experiments exploring effects of electrolyte composition 
and electronic parameters such as voltage, current, and 
pulse timing on patterns produced.  Exploration and opti-
misation of this surface patterning method in the context of 
oligonucleotide synthesis enabled successful and repro-
ducible electrochemical construction of six-base sequences 
in high yield.  Seventeen base sequences were synthesised 
as a final demonstration of the entire system, with dis-
crimination of single-base mismatches detected in the hu-
man haemoglobin gene sequence. 

As the electrochemical systems and techniques intro-
duced in this work are new, evaluation of the results can 
be considered in the context of other existing micropat-
terning methods, with a focus on synthetic oligonucleotide 
DNA microarrays in particular.  The immense number of 
distinct chemical steps involved in production of a single 
DNA microarray device brings unique mechanical, fluidics 
handling, synthetic chemistry, and quality control chal-
lenges; the apparatus and systems presented in this work 
go far in solving these.  That no single microarray fabrica-
tion system has yet proven best for all circumstances, de-
spite a decade of intensive research, demonstrates the chal-
lenges and continuing evolution in this fast-moving scien-
tific field. 

Ultimately, the practical utility of a device made with 
the electrochemical methods presented in this work will be 
determined by its suitability in particular biological appli-
cations.  Although different applications exploit specific 
device capabilities to various degrees, certain characteris-
tics are universally desirable, and the electrochemical 
method presented here may be usefully evaluated in the 
context of these characteristics. 

2.1 Uniformity, Consistency, and  

Reproducibility 

Spotting Arrays.  Array analytical sensitivity is im-
portant, given the biological significance of subtle varia-
tions in messenger RNA (mRNA) levels in gene expres-
sion analyses, or of single-nucleotide mismatches in ge-
nomic analyses.  The method used by many laboratories, 

NSTI-Nanotech 2004, www.nsti.org, ISBN 0-9728422-7-6     Vol. 1, 2004                          43



spotting pre-synthesised oligonucleotides or expressed copy 
DNA (cDNA)(1,2) on glass, is prone to a number of prob-
lems.  Non-uniform spots, scratches, dye separation, and 
clumps commonly introduce significant error(3,4), decreas-
ing the power of the analysis.  These problems are com-
pounded when the probes are cDNAs, as the process of 
making the probes, by growing clones or polymerase chain 
reaction (PCR) amplification, often leads to replacement of 
the desired probe by a contaminant(5-7).  Error rates as 
high as 40% have been reported when multiple error-prone 
methods are combined(8,9).  Furthermore, as the state of 
bound DNA is ill-defined for cDNA probes(1), hybridisa-
tion to the target may be unpredictable and difficult to con-
trol.  The ink-jet and photolithographic arrays, given that 
each probe is designed synthetically, are much more uni-
form than the spotting arrays. 

Electrochemical Arrays.  The electrochemical method, 
in contrast, allows specific direction of probe synthesis in 
situ.  The electrochemically directed deprotection reaction 
is driven by solution chemistry and electronicswitching of 
microelectrodes, rather than mechanical means of moving 
and depositing liquids.  Because any inconsistency in the 
electrolyte solution or electronic circuitry will be recog-
nised through significant current fluctuations, the current 
measured at each microelectrode gives a useful check of 
chemical yields.  Notably, this quality-control check occurs 
in real-time; any deviations in the array fabrication process 

are noticed as the array is made, rather than after hybridisa-
tion experiments reveal flawed probes. 

2.2 Fidelity of Synthesis and Length of 

Probes 

Relevance of Probe Length.  Some applications, such 
as the analysis of sincle nucleotide polymorphisms (SNPs), 
exploit minor variations in probe sequence to detect target 
sequence variation.  For these applications, maximal sensi-
tivity is achieved with short probes, as they show relatively 
large changes in hybridisation yields with only single base 
variations.  In other applications, such as expression analy-
sis, the probes are used primarily to quantify total levels of 
relatively dissimilar targets.  Although short probes may be 
suitable for some of these applications(10), longer probes 
minimise effects of site-specific interactions and melting 
temperature, and ensure high complementarity to target, 
thus maximising detection sensitivity(11). 

Photolithographic Arrays.  Existing photolithographic 
in situ fabrication methods rely on a photo-deblocking step 
that is inefficient relative to conventional solution-phase 5 -
dimethoxytrityl deblocking in acid.  The resulting low 
stepwise yields, reported to range from 81-94% depending 
on the nucleoside and its substituents(12), restrict the 
maximum oligonucleotide length on these photolitho-
graphic arrays to less than 25 nucleotides.  More efficient 

Figure 1   The electrochemical oxidation of hydroquinone at the anodes (+) on an array of microelectrodes delivers acid 
to regions on a surface (the grey shading symbolises anode regions).  The acid removes a dimethoxytrityl (DMTr) group 
(1) to expose a primary hydroxyl (OH), which is then exposed to an acetylating reagent (2) to attach an acetyl group (Ac). 
Subsequent treatment of the entire surface with an acid solution (3) followed by coupling of a fluorescent (Cy*) dye (4) 
allows imaging by confocal microscopy so that regions of acetylation are revealed by diminished fluorescence.  The 
counterelectrode process at the adjacent cathodes ( – ) is the reduction of benzoquinone, which yields a radical anion reac-
tive  with protons, thus depleting acid in the cathode region and regenerating hydroquinone (from Anal Chem).
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photolabile blocking groups(13), or other photolithographic 
processes, including the use of photochemically-generated 
acids to deprotect conventional dimethoxytrityl (DMT) 
groups(14), may increase yields.  Nonetheless, at present, it 
seems doubtful that any of the photo-deblocking methods 
will reach the nearly quantitative yields(15) now routine 
with conventional solution-phase oligonucleotide synthesis.  
Indeed, the persistence of “descumming” steps (required to 
remove residual photoresist after exposure and develop-
ment steps) in conventional microelectronics photo-
lithography, where there are no complex DNA synthesis 
challenges, indicates the inherent difficulty of achieving 
quantitative yields with even simple photochemical reaction 
systems. 

Ink-Jet Arrays.  In contrast to the photolithographic ar-
rays, ink-jet based arrays rely upon conventional oligonu-
cleotide synthesis chemistry, resulting in correspondingly 
higher yields.  High-quality short probes may be produced 
for analysis of variation, or probes in excess of 50 nucleo-
tides may be used for expression analysis(16,17).  The ink-
jet methods require precise mechanical alignment of the 
print head, process monitoring, and atmospheric control 
systems to ensure high-fidelity synthesis. 

Electrochemical Arrays.  This work demonstrates the 
electrochemical synthesis of 17-mers in high yield with a 
hand-made prototype device.  Measured coupling yields are 
high (likely greater than 98%).  Only the deblocking step, 
which is performed with an electrochemically generated 
acid in acetonitrile, differs from conventional oligonucleo-
tide synthesis.  The concentration of the acid generated was 
easily controllable by manipulating the gap distance, ap-
plied voltage, or application time; a series of optimisation 
experiments exploited this flexibility to reach high deblock-
ing efficiencies quickly.  As the acid is generated in solu-
tion-phase, the deblocking step may be driven to comple-
tion by maintaining high acid concentrations.  Using excess 
reactant in this fashion to increase product yields is a com-
monly used technique in organic chemistry, but has no di-
rect equivalent in the case of photochemical reactions.  

2.3 Density of Probes 

Fundamental physical dimensions (the diameter of dou-
ble-stranded DNA is 2.4 nm and 0.34 nm from base to 
base) place an lower bound on the smallest array feature 
size.  Existing array fabrication techniques, however, do not 
approach this limit, although it is possible to perform ma-
nipulation and hybridisation of DNA at a molecular level in 
the limited scale of individually interrogated probes(18,19).  
Thus, there is much room for improvement in array fabrica-
tion technology before molecular dimensions are reached; 
until that time, the primary impediments to increased den-
sity are more those of practical engineering concerns than 
fundamental physics. 

Spotting and Ink-Jet Arrays.  As cDNA-based arrays 
typically use a limited number of probes and are fabricated 
by hand or robotically driven pins, most spotting arrays are 

fabricated on a macroscopic scale.  However, higher-
density cDNA arrays can be made by more precise piezo-
electric driven “pens,” or by ink-jet based methods.  The 
ink-jet based methods typically achieve the smallest fea-
tures (whether used for spotting cDNA or synthesising oli-
gonucleotide probes in-situ), but imprecision of the ink jet 
printing head and spread of drops when they hit the surface 
limits ink-jet array densities to about 10-100 probes per 
mm2 (feature sizes greater than 100 µm) (17). 

Photolithographic Arrays.  Photolithographic arrays 
have a density of 1000-2000 probes per mm2 (feature sizes 
around 20 µm).  However, because the photolithographic 
arrays contain short probes, between 30 and 40 probes must 
be used per target in a redundant fashion(10,11,20), offset-
ting the advantage of high probe density.  Thus, the overall 
number of analysed targets per surface area is about the 
same for ink-jet and photolithographic arrays.  Whereas 
mechanical precision limits the density of ink-jet arrays, 
diffraction, scatter, and internal reflection in the glass sub-
strate blur the edges of the probes in photolithographic ar-
rays; nonetheless, the sub-micron feature sizes realised 
through advanced techniques in the microelectronics indus-
try demonstrate the potential for further miniaturisation. 

Electrochemical Arrays.   The smallest single-step fea-
ture demonstrated through the electrochemical method pre-
sented in this work is 3 µm (representing a theoretical probe 
density greater than 100,000 per mm2), but the lower limit 
has not been aggressively pursued.  The mechanical align-
ment of the substrate during reagent flushing, not diffusion 
or size of the microelectrodes, limited the smallest synthe-
sised oligonucleotide probe to 40 µm, with 120 µm centre-
to-centre distance.  Assuming a large library of probes de-
posited at this feature size, the equivalent probe density 
(70-600 probes per mm2) compares favourably with ink-jet 
and photolithographic arrays.  Nonetheless, both the ability 
to make very small electrodes and the diffusion-driven na-
ture of the electrochemical process will limit the maximum 
densities possible through this electrochemical method. 

Engineering Considerations.  Multiple experiments 
presented in this work show that feature sizes on the sub-
strate correspond to the dimensions of the microelectrodes.  
As the microelectrodes used in these experiments were 
made through conventional clean-room techniques, there is 
no inherent reason high-tolerance equipment already used 
routinely in semiconductor manufacture could not be 
adapted to the process.  Fabrication of 5 µm microelec-
trodes was accomplished in this work with dated processes 
and equipment.  Although clean-room capabilities limited 
device complexity to a relatively modest design of 96 lin-
ear, passively switched electrodes, further integration of 
switching and measurement circuitry on the electrode de-
vice itself could readily enable hundreds or thousands of 
switchable microelectrode elements(21,22).   Thus, the 
challenges of electrode design in this work did not, and in 
principle should not, impede further attempts to increase 
array density. 
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The high currents necessary to drive the deblocking re-
action to completion required special microelectrode mate-
rials.  Iridium microelectrodes were most successful in 
these experiments, but as the electrolyte composition, ap-
plied current, electrode materials, and electrode geometry 
all influence the rate of acid reaching the surface, it may be 
possible to alter the most accessible of these parameters in 
future device designs.  For example, exploring various elec-
trolyte formulations could be continued further than in this 
work; adding chemical substituents to the benzoquinone, 
varying the concentration of background electrolyte, or 
even using a different solvent could improve compatibility 
with more conventional electrode materials. 

Fundamental Theoretical Limits.  The 40 µm micro-
electrode size used in this work was chosen only for con-
venience of manufacture in the clean room.  Simple, single-
step electrochemical patterns, with sizes below 5 µm, were 
created using this technique.  Although experimentally dif-
ficult to explore synthesis at very small dimensions, a com-
prehensive theoretical analysis aided by a detailed computer 
model evaluates the question of density and resolution for 
this technique.  The analysis suggests feature sizes below 2 
µm are not unreasonable using the same chemical and elec-
trochemical parameters as routine in this work.  Computer 
simulations strongly suggest that sub-micron features may 
be possible with higher current, or a slightly modified elec-
trolyte.  Although the practical obstacles to manufacturing 
and controlling a device at that scale may prove severe, 
theory and simulation suggest that only engineering skill, 
and not fundamental physics will limit the technique’s ul-
timate potential.   

2.4 Ease of Fluidics and System Integration 

Challenges in Fluid Handling.  Oligonucleotide syn-
thesis, whether performed through photolithographic or 
conventional deblocking chemistry, requires the delivery of 
reactive solutions and solvents including acetonitrile, di-
chloroacetic acid in dichloromethane, iodine, tetrahydrofu-
ran (THF) and pyridine, acetic anhydride, N-methyl imida-
zole, and lutidine to a solid support (usually glass).  Glass 
materials do not degrade on exposure to these reagents, but 
other materials used in constructing the fluidics chambers, 
delivery lines, valves, and seals of a fluidics delivery sys-
tem must withstand these harsh chemical conditions.  Such 
design challenges limit the utility of microfluidics tech-
niques developed for non-reactive, aqueous liquid handling.  
Furthermore, the coupling step during synthesis must be 
performed under anhydrous conditions; it is therefore nec-
essary that fluid handling systems be impervious to outside 
air, or conducted under inert atmosphere. 

Ink-Jet and Photolithographic Arrays.  Only relevant 
to the in situ fabrication methods, various systems have 
been devised to deliver synthesis reagents for array con-
struction.  The ink-jet method, as mentioned earlier, relies 
upon the movement of a mechanical printing head to direct 
synthesis precursors on a substrate with localised hydro-

phobic and hydrophilic regions(23) to minimise spread of 
droplets when they hit the surface; the substrate is then 
taken to a liquid handling station for treatment with the 
oxidising and deprotecting reagents.  One photolithographic 
system(24) requires the assembly and disassembly of 
chrome masks at each base addition step, representing the 
need for 100 chrome masks for arrays of 25-mers (although 
optimisation techniques can reduce the number required).  
Other photolithographic systems(25,26) use solid-state mi-
cromirror devices(27) in place of chrome masks, thereby 
alleviating the expense of mask design and complexity of 
alignment.  In these systems, no moving parts are required 
for photolithographic array fabrication, as synthesis re-
agents can be flushed through a chamber sealed to one side 
of a glass slide, with light directed from the opposite side, 
through the slide. 

Fluid handling is also necessary during hybridisation for 
delivery of reagents, generally with the array mounted in a 
flow system.  In the micromirror-based system(26), the 
same flow system is used for both hybridisation and synthe-
sis.  This can be a disadvantage, as the machine is monopo-
lised during hybridisation and cannot be used to make an-
other array.  For both the mask-based photolithographic and 
ink-jet methods, the arrays are diced into chips which are 
assembled into a custom flow device for hybridisation and 
processing.

Electrochemical Arrays.  One advantage of the elec-
trochemical method is that the work piece need not be sepa-
rated from the tool at any stage.  The flow cell described in 
this work allowed positioning of the substrate adjacent to 
the microelectrode array with an accuracy of about one 
micron.  Although it was necessary to move the substrate 
further away from the microelectrodes while flushing syn-
thesis reagents through the chamber in this design, there is 
no inherent reason the fluids could not be delivered through 
alternative means directly into the gap.   

The sealed piston and cylinder used in the work pre-
sented here eliminated the need to carefully re-register the 
lateral position of the substrate each time it was moved 
back and forth for reagent flushing.  Nonetheless, it became 
apparent that fluctuations in lateral alignment over the 34 
piston movements during 17-mer synthesis confounded the 
ability to direct electrochemical deprotection at precisely 
the same location on the substrate each time.  As the piston 
and cylinder apparatus was constructed with PTFE (“Tef-
lon”), a relatively deformable polymer, it is not surprising 
that there was some horizontal play in the piston; measure-
ment of this misalignment by confocal image analysis of 
defective probe attachments indicated a possible 40 µm 
maximum deviation with 34 piston motions, with 5-10 µm 
generally more typical. 

Although this horizontal piston deviation proved irritat-
ing, it did not prevent successful synthesis of long probes 
with a careful reproduction and control of the piston motion 
from step to step.  Furthermore, it may not be necessary to 
allow such continuous control of the substrate in future 
designs; recall that the system was designed to explore the 
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effects of substrate-microelectrode gap distances on the 
deprotection reaction.  Subsequent flow-cell designs in-
tended only for array synthesis with these microelectrodes 
under optimal gap distances could employ 40 µm stoppers 
attached to the microelectrode array and on which the sub-
strate would rest during deprotection.  Precise and accurate 
substrate alignment in this arrangement would be dependent 
only on the rigidity of the microscopic stoppers, rather than 
on the macroscopic fit of the piston and cylinder.  In addi-
tion, these stoppers could also be configured to limit the 
horizontal deviation, if this indeed proved significant with 
smaller microelectrodes.  

Simplicity of Fabrication.  Though this work focuses 
on the scientific and technical aspects of electrochemical 
microarray fabrication, discussion is only complete with a 
brief prediction of difficulties in practice.  Although techni-
cal advances are rapidly decreasing costs per microarray 
analysis, very significant research and development ex-
penses and high equipment costs are typical of most means 
of making arrays at present.  Costs are falling, but the high 
investment required in clean-room construction, mask de-
velopment, and equipment upkeep and maintenance add 
significant expense to photolithographic arrays.  The diffi-
culty of maintaining the ink-jet head alignment and fluidics 
over many thousands of runs could likewise prove trouble-
some.  The cDNA libraries or large sets of synthetic oli-
gonucleotides used for spotting arrays are expensive to buy 
and maintain. 

Costs for the electrochemical method could be less than 
others, given the mechanical simplicity of the fabrication 
apparatus.  Reagents for in situ synthesis are relatively in-
expensive and the main cost is in the solvents.  The most 
expensive part of the apparatus is the microelectrode set, 
which can be reused to make many arrays (one electrode set 
was used in this work over 1,000 times with no sign of de-
terioration).  The microelectrode sets, although customised 
designs in this work, could be produced more cheaply in 
higher volumes at conventional microfabrication facilities.  
The actual oligonucleotide synthesis lends itself to automa-
tion; equipment should be easy to maintain, given its simple 
design and few moving parts. 

Customisation of Probe Design.  Some array fabrica-
tion techniques are best suited to large-volume production 
of identical devices.  For example, designing and making 
the many chrome masks used for photolithographic arrays 
represents a significant expense, so that the method is only 
reasonable when a known optimum, fixed set of probes is 
relevant to a wide range of different investigations.  Such a 
prerequisite is not feasible in many applications.   It may be 
necessary to change the probe set from one run to another, 
for example, in experiments to optimise probe design.  
Likewise, adding a probe for a newly discovered gene or a 
mutation in an existing set could require an entirely new set 
of expensive masks. 

The ink-jet and micromirror methods, in contrast, allow 
complete flexibility; each array made may be different from 
any other.  Changing the design is simply a matter of 

changing the sequence data that drives the print head or 
micromirror driver.  Conversely, these methods may also be 
used for large-volume production.  However, as throughput 
is limited in the ink-jet method by the speed of the print 
head, and in the micromirror method by the total number of 
pixels on the micromirror device, these methods may not 
scale well to higher volumes of fabrication. 

The electrochemical method is similar to the ink-jet and 
micromirror array methods in that the process is directed by 
a computer instruction set based on the sequence content of 
the array.  A change in design is effected by simply chang-
ing the instruction set.  This is not to say the method is un-
suitable to large-volume processing with multiple electrode 
sets.  In other words, it is as easy to make one thousand 
different, customised arrays as it is to make one thousand 
identical arrays. 

Many types of surface patterning reactions (other than 
the conventional oligonucleotide synthesis presented here) 
could be controlled electrochemically.  First, acid may be  

Figure 2 The extent of reaction at the surface may be con-
trolled and investigated by delivering timed applications of 
current to the electrodes; the patterning reagent is confined 

over very long times.  This image shows the patterns 
formed over a time course, using a fixed potential of 1.33 V 

applied to electrodes 20 µm from the surface.  Diffusion 
does not blur the edges of the stripe formed after 80 s.  In-
stead, the sharply defined stripes are limited to regions be-
tween the cathodes and show that patterning reagents may 
be directed to strictly confined areas (from Anal Chem).

involved in many other types of reaction on the substrate, 
for example eliminations, substitutions, rearrangements and 
chemical etching.  Likewise, electrochemically-generated 
bases could also be used to eliminate base-labile moieties 
such as 9-fluorenylmethoxycarbonyl (Fmoc) or cyanoethyl 
groups, particularly relevant for peptide synthesis and pep-
tide-oligonucleotide conjugation chemistry(28,29).  Radi-
cals, halogens, and other reactive intermediaries generated 
at microelectrodes could be used to elicit other exotic modi-
fications.  The large range of possible chemical modifica-
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tions leaves much room for many types of probe synthesis 
and modification. 

Range of Applications.  As discussed in the context of 
synthesis fidelity and probe length, long probes are more 
applicable to expression profiling, while short probes are 
particularly suited to genotyping.  Most purposes can be 
served through ink-jet in situ synthesis or spotting pre-
synthesised probes at present.  Photolithographic arrays are 
not particularly suited to expression profiling given short 
probe length, although they have successfully been used for 
this purpose(30), and higher coupling yields(31) could in-
crease sensitivity and utility.  One original disadvantage of 
the photolithographic method was that the photolabile pro-
tecting group could only be used to block 5  hydroxyls, 
precluding reverse oligonucleotide synthesis useful for en-
zymatic extension-based detection methods, although new 
photocleavable groups(32) may permit such 5  3  synthe-
ses.

The work described in this work does not push the elec-
trochemical method to its physical limits, but we know 
probe length and fidelity depends on efficiency of chemical 
coupling at each base addition.  The efficiency was demon-
strated to be very high.  As the feature sizes are small, the 
electrochemical method here could in theory combine the 
high density of photolithographic arrays with the high fidel-
ity of ink-jet arrays.  Furthermore, as conventional oligonu-
cleotide synthesis reagents are used (with the exception of 
the electrochemical step which is only a substitution of one 
type of acid with another), non-standard or exotic syntheses 
(for example, reverse synthesis) will not require lengthy 
development of a new photocleavable linker for each appli-
cation. 

3 BIOLOGICAL AND MEDICAL  

APPLICATIONS 

It is beyond the scope of this work to review in detail 
the immense range of biological and clinical microarray 
applications, as this manuscript and accompanying presen-
tation focuses on device design. 

Most arrays are used in research applications at present, 
but this will likely change as microfluidics capabilities im-
prove(33-39).  There are two types of clinical diagnostic 
applications used in research laboratories:  detection of mo-
lecular lesions associated with disease states, such as can-
cer, and analysis of gene expression associated with patho-
logical states.  These studies can aid in disease classifica-
tion, prognostic estimates, and help identify targets and 
biomarkers useful for guiding treatment decisions. Cancer 
provides a useful example:  the tremendous breadth of so-
matic mutations possible in its initiation and progression 
can only be captured practically through highly parallel 
means; arrays are particularly suitable, and have been 
shown to greatly supplement differential diagnosis, tumour 
typing, and treatment planning in many human malignan-
cies(40,41).   

At present, however, the cost of each microarray analy-
sis prohibits use in routine clinical diagnostic laboratories.  
With further development of fabrication methods, sample 
preparation techniques, analysis instrumentation, and data 
analysis algorithms, costs will fall to levels appropriate for 
widespread use of microarrays in an outpatient clinical set-
ting.  It is hoped the electrochemical method described in 
this work will become a useful tool in the future of genomic 
medicine. 
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